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(54) Title: RADIO SYSTEM AND A SUBSCRIBER TERMINAL FOR A RADIO SYSTEM 

(57) Abstract 

A radio system providing 
a wireless local loop, the system 
comprising a fixed network 
including at least one exchange 
(MSC), at least one subscriber 
database (VLR, HLR) and base 
stations (BTS), and subscriber 
terminals (SE) communicating 
with the fixed network via a 
radio path, each subscriber 
terminal c fttnpt^^in g a radio 
transceiver, a power source with 
a battery backup unit, means for 
mgftgnring the signal level and 
signal quality on the radio path 
between a base station and the 
subscriber terminal, and means 
for measuring the charge level 
of the battery backup unit of the 
power source. The subscriber 
tetrrrinfll (SE) transmits the test 
results concerning the battery 
backup unit and/br the power 
supply to the fixed network in 
a predetrrrmrrd report message 
at predetermined intervals or 
in response to a predetermined 
test result, and said at least 
one subscriber darn bay (VLR, 
HLR) of the radio network 

maintains information about the charge levels of the batteries and/or failures in the power supply of the subscriber terminal*, and about 
the signal level and signal quality measured by the subscriber terminal. The mvention also relates to a subscriber terminal used in such a 
system. 
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Radio system and a subscriber terminal for a radio 
system 

Field of the invention 

5 

The invention relates to a radio system 
providing a wireless local loop, the system comprising 
a fixed network including at least one exchange, at 
least one subscriber database and base stations, and 

10 subscriber terminals communicating with the fixed 

network via a radio path, each subscriber terminal 
comprising a radio transceiver, a power source with a 
battery backup unit, means for measuring the signal 
level and signal quality on the radio path between a 

15 base station and the subscriber terminal, and means for 

measuring the charge level of the battery backup unit 
of the power source. 

Background of the invention 

20 

The most expensive and the most time-consuming 
part in setting up conventional cable-based tele- 
communication networks is cabling, which connects each 
subscriber to the local exchange. In many cases it is 

25 preferable to replace fixed subscriber cables with a 

radio connection which can be established easily and 
quickly to connect the subscribers to the public 
switched telephone network (PSTN) in areas where no 
subscriber lines are available and it is too expensive, 

30 too slow or otherwise impractical to install them. Thus 

the subscriber network comprises, in the same way as a 
normal mobile telephone network, base stations connected 
to the exchange, the subscriber terminals (mobile 
telephones) having a radio connection with said base 

35 stations. Such a system is called a wireless local loop 
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15 



(WLL). Since a WLL radio system is generally an 
extension of the normal public switched telephone 
network, it typically uses the normal numbering of a 
phone network. Alternatively, it is possible to use the 
numbering of a mobile telephone network. A call to the 
phone number of a WLL subscriber generally causes the 
routing of the call always to one and the same exchange 
and base station connected to it, the base station 
paging the subscriber via a radio path. It is possible 
to connect any conventional telephone set to the WLL 
radio system, and thus the radio path is invisible to 
the user and provides, through the base station, a 
point-to-point connection between the WLL telephone set 
and the exchange. 

The WLL network operator is usually responsible 
for the equipment at both ends of the radio path. The 
base station equipment is connected directly to the 
network and thus it is relatively easy to monitor. 
However, the operator should also be able to monitor the 
subscriber terminal at the other end of the radio path. 
If the level or quality of the signal received by the 
subscriber terminal is too low, the quality of the call 
is poor or calls to the subscriber terminal will be 
completely prevented. This corresponds to a poor or a 
25 disconnected subscriber line in a fixed network. In 

addition, in WLL applications the operator cannot 
provide power supply for the subscriber terminal through 
the subscriber line as in a cabled phone network, but 
the power supply has to be organized locally in the 
30 location of the subscriber terminal. This means that the 

subscriber terminal has to be provided with a battery 
backup unit to ensure the connection in all situations, 
for example during a power failure. Therefore, it should 
be possible to monitor also the power supply of the 
35 subscriber terminal, the charge level of the battery 
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backup unit and preferably also any malfunctions related 
to the supply of charging current. 

Mobile telephones for conventional mobile 
telephone networks conduct, in an idle state, some kind 
5 of measurements on the received signal level and quality 

of the radio channel. A typical mobile telephone also 
measures the charge level of the battery. These 
measurements are conducted, however, only for the user 
of the mobile telephone, who is responsible for the 

10 condition of his own mobile telephone in a conventional 

mobile phone network. The measured information is shown 
to the user on the display of the mobile telephone, and 
if some failure is detected, the user is alarmed. US 
Patent 5,142,563 discloses a similar application, where 

15 the portable part of a wireless telephone monitors the 

voltage level of its battery power source, and when the 
voltage level drops, sends a signal to the fixed part, 
the so-called base station, of the wireless telephone, 
the signal directing the base station to a quick- 

20 charging state to wait for the wireless telephone to be 

positioned on the charging device of the base station. 
The base station is meant to be connected to a normal 
subscriber line of a wired telephone network. The 
operator of a conventional mobile telephone network or 

25 a fixed network is not responsible, however, for the 

working condition of the wireless terminal equipment or 
the mobile telephone of the subscriber, but, instead, 
what is provided is only a local indication about the 
condition of the terminal equipment, given to the user 

30 or intended for the internal use of the terminal 

equipment. Such a local indication is not suitable, 
however, for the operator of a WLL network, since its 
• utilization would require repeated visits to the mobile 

telephone or the wireless telephone, and would thus be 

35 extremely difficult and would mean long intervals 
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between the checks. The operator of a WLL network needs 
such information centralized in one place, so that the 
operator could control the accessibility of the network 
and the need for maintenance. 

5 

Disclosure of the invention 

The object of the invention is a radio system 
providing a wireless local loop and collecting the 
10 aforementioned information. 

This object is achieved by means of a radio 
system similar to the one described in the introductory 
paragraph, the system being characterized according to 
the invention in that the subscriber terminal transmits 
the test results concerning the battery backup unit 
and/or the state of the power supply to the fixed 
network in a predetermined report message at 
predetermined intervals or in response to a 
predetermined test result, and that said at least one 
subscriber database of the radio network maintains 
information about the state of the power supply of the 
subscriber terminals and/or the charge levels of the 
batteries, and about the signal level and signal quality 
measured by the subscriber terminal. 

According to the invention, the subscriber 
terminal reports the test results concerning the power 
supply and/or the battery backup unit and the level and 
quality of the received signal to the network in a 
special test report message. This message can be 
transmitted whenever a signalling connection is 
established, at suitable intervals and in special 
situations. The test report messages are used for 
updating the subscriber database of the fixed network, 
the database containing information about the state of 
the power supply of the subscriber terminals and/or the 
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charge levels of the battery backup units and about the 
signal level and quality measured by the subscriber 
terminal in order to detect malfunctions concerning the 
battery backup unit. If for example reports about a 
5 break in the charging current of the battery backup unit 

are desired from subscriber terminals , the invention 
provides a method which prevents overloading of the 
network as a result of a general power failure, but 
which ensures transmission of the desired information 

10 about an individual break in the charging current before 

the battery backup unit will be used up. 

The combined processing of information 
concerning both the battery backup unit and the quality 
of the connection can provide in some situations 

15 essential information in a WLL system. Such a situation 

may occur for example when power supply is provided by 
different methods at different times, for example by an 
aggregate and by solar cells. Equipment malfunctions 
possibly caused by an individual method are discovered, 

20 if the reports giving information about the bad quality 

of a connection always include a part identifying the 
specific power supply method. 

The test results can be sent to the fixed 
network at predetermined intervals under the control of 

25 a timer. The timer is preferably a periodic location 

updating timer, and the test report message is always 
transmitted during this procedure. In a WLL network, 
where the subscriber terminals are positioned in fixed 
locations, it is not necessary to use any kind of 

30 periodic location updating procedure; however, it is 

advantageous to utilize this procedure for the control 
procedure according to the invention. Thus, it is 
possible to exploit, with slight modifications, the 
location updating characteristics provided in the 

35 present subscriber terminals and radio networks. The 
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network operator can control the interval between two 
successive test report messages in an idle state by 
means of a periodic location updating timer arrangement. 

In addition to periodic reporting, test report 
5 messages can be transmitted in response to predetermined 

test results. If the status of the battery changes 
during a call, the test report message is transmitted 
immediately, if the status changes or the radio path 
measurements indicate faulty conditions in an idle 
10 state, the test report message is transmitted when the 

next signalling connection is established. The 
subscriber terminal which indicates a failure in the 
battery can also start the location updating procedure 
to inform the network about the failure. 

15 

Brief description of the drawings 

The invention will be described by means of 
illustrative embodiments with reference to the 
20 accompanying drawings, in which 

Figure 1 represents a radio system according 
to the invention, 

Figure 2 is a block diagram of a subscriber 
terminal according to the invention. 

25 

Preferred embodiments of the invention 

The present invention can be applied in any 
30 radio system which is used as a wireless local loop 

(WLL) to replace the cabled subscriber lines between a 
fixed network and the subscribers. Figure 1 shows a 
general view of one cellular radio system according to 
the invention which is based on the utilization of known 
35 radio networks, such as the GSM. A WLL network can even 
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be realized as part of a conventional mobile telephone 
network, in which case there are both WLL subscribers 
and mobile telephone subscribers in the same network. 
In the following, the invention will be explained by 
5 using as an example the application of a WLL network in 

the Pan-European mobile phone network GSM, without 
restricting the invention, however, thereto. 

The radio system shown in Figure 1 comprises 
an exchange MSC, a base station controller BSC, a number 

10 of base stations BTS and a large number of subscriber 

terminals SE. In the same way as a conventional mobile 
exchange, the exchange MSC comprises a switch for 
connecting calls, and a call control computer, which 
controls all signalling between the subscriber terminals 

15 and the radio network when a call is established, during 

the call and when it is ended, and which allocates radio 
channels for the calls, for the radio connections 
between a base station BTS and subscriber terminals SE. 
The exchange MSC of the radio system also has a 

20 connection 15 to a public switched telephone network 

PSTN 12 and, through that, to PSTN subscribers 11 or to 
other networks 22 and their subscribers. 

The base station BTS can also be realized in 
the same way as a base station of a conventional mobile 

25 telephone system, but its basic units are naturally a 

set of transceivers, the exact number of which is 
determined by the traffic capacity requirements. 

A WLL subscriber terminal SE typically 
comprises a mobile telephone unit 13 and a conventional 

30 telephone set 14. The mobile telephone unit operates as 

an interface unit to the radio path and provides the 
user with a normal subscriber line, to which the user 
can connect his conventional telephone set 14. However, 
the subscriber terminal can also be a portable mobile 
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telephone, as will be explained below in connection with 
Figure 2. 

In WLL radio systems, the exchange MSC makes 
a fixed association between the telephone number of a 
5 subscriber terminal and a subscriber terminal SE located 

in the location area formed by one particular base 
station BTS or by several base stations. When there is 
a call to the telephone number, the exchange MSC starts 
paging for the subscriber terminal in the area of the 
10 base station BTS indicated by the telephone number or 

in the location area containing several base stations. 
Since the location of the subscriber is assumed to be 
fairly permanent, mobility management functions and 
location updating are not necessarily needed in the 
15 radio system. However, there is at least one subscriber 

database in the radio system, for example a visitor 
location register VLR associated with the exchange MSC, 
the VLR maintaining information about the subscribers 
in the area of the exchange, or a home location register 
20 HLR, where information about the subscribers in the 

entire network is centralized. 

Figure 2 shows a mobile telephone applicable 
as a subscriber terminal SE according to the invention. 
The SE comprises an antenna 3, a duplex filter 28, a 
25 receiver 21, a transmitter 29 and a synthesizer 27. in 

the receiving direction, an A/D converter 22, a detector 
23, de-interleaving 24, a channel decoder 25, a speech 
coder 26 and a loudspeaker are connected in series with 
the receiver 21. m the transmitting direction, a 
30 modulator 30, TDMA burst formation 31, interleaving 32, 

a channel coder 33, a speech coder 34 and a microphone 
are connected in series in front of the transmitter. All 
the aforementioned blocks are controlled by a timing and 
control unit 35, which handles all outbound and inbound 
35 messages. The power source 3 forms the operating voltage 
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Vce for the entire subscriber terminal from an external 
power source f such as supply voltage provided by the 
mains, a solar cell or an aggregate, or from the voltage 
of a battery 10 operating as a backup power source* The 
5 power source 3 also operates as the charging device for 

the battery 10 when the external power source is 
connected* The power source 3 continuously measures the 
charge level of the battery 10, its charging current 
and/or the state of an external power source 2, and 

10 reports the test result to the control unit 35. The 

receiver 21 measures the level of the signal received 
from the base station through the radio path and reports 
the test results to the control unit 35. The channel 
decoder 25 measures the signal quality of the control 

15 channel of the base station by means of, for example, 

the number of lost information blocks and reports the 
test result to the control unit 35. The control unit 35 
collects and analyzes the test results. The control unit 
35 can possibly show the test results for the user on 

20 the display (not shown in the Figure) of the subscriber 

terminal, and if some failure or malfunction is 
detected, it can alarm the user. 

According to the invention, the subscriber 
terminal reports the test results to the fixed network 

25 in a special message, hereafter called a test report 

message. This message can be transmitted whenever a 
signalling connection is established between a 
subscriber terminal and the base station. If the control 
unit 35 detects a change in the status of the battery 

30 10, a break in the charging current of the battery 

and/or a failure in the external power supply during a 
call, it immediately generates and transmits a test 
report message. If the status of the battery changes, 
its charging current breaks and/or if there is a failure 

35 in the external power supply or if the measurements on 
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10 

the radio path Indicate a malfunction when the 
subscriber terminal is in an idle state, the control 
unit 35 generates and transmits a test report message 
when the next signalling connection is established. 
Under normal circumstances, the subscriber terminal 
transmits the test results to the fixed network at 
predetermined intervals. For this purpose the control 
unit 35 of the subscriber terminal comprises a special 
timer; expiring of the timer initiates transmission of 
a new test report message. This timer is preferably a 
periodic location updating timer of a subscriber 
terminal, in which case a test report is always 
transmitted during a location updating procedure, when 
the timer reaches the predetermined time. A WLL network, 
15 where the subscriber terminals are in fixed locations, 

does not necessarily require the use of any kind of 
periodic location updating procedure, but the functions 
of this procedure can be used for the reporting 
according to the invention. 
20 The base station BTS receives the test report 

messages transmitted by the subscriber terminal SE and 
forwards them to the exchange MSC, which forwards the 
test results to the subscriber database of the network, 
for example to a visitor location register VLR. The 
25 visitor location register VLR maintains information 

about the charge levels of the batteries of the 
subscriber terminals, the status of their charging 
current and/or failures in the external power supply, 
and about the signal level and signal quality measured 
30 by the subscriber terminal. This information can be 

maintained advantageously by the same mechanism as the 
location data of a normal mobile telephone subscriber. 
Advantageously, the test results can also be forwarded 
to the operation and maintenance centre OMC of the radio 
35 network. The VLR also comprises a timer, preferably a 



WO 95/09512 



PCT/FI94/00436 



11 

periodic location updating timer, which controls the 
time that elapses in an idle state between two 
successive test report messages transmitted by the 
subscriber terminal* if no test report message is 
received within a predetermined time after the previous 
report message, the VLR assumes that there is a failure 
in the subscriber terminal or it is disconnected. 

Figure 3 represents a test report message 
applicable in the GSM system. The information elements 
of the message, beginning from the first line, are: 

line A: transaction identifier and protocol 
discriminator; 

lines C, D, E: test results of the radio path; 
in line C the length of the information element 
(Length), in line D the lowest received power level 
during a test period (CI low), in line E the lowest 
value describing the signal quality (e.g. Downlink 
signalling radio counter DSC) during a test period (DSC 
low) ; 

lines F, G and H contain the test results 
concerning the battery unit. Line F contains the length 
of the information element (Length); line G, the status 
of the battery (Alarm status); line H, the current 
charge level of the battery (Charge level). 

The figures and the description related thereto 
are only meant to illustrate the present invention. The 
details of the radio system and subscriber terminal 
according to the invention can vary within the scope of 
the appended claims. 
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Claims: 



1. A radio system providing a wireless local 
loop, the system comprising a fixed network including 

5 at least one exchange (MSC), at least one subscriber 

database (VLR, HLR) and base stations (BTS), and 
subscriber terminals (SE) communicating with the fixed 
network via a radio path, each subscriber terminal 
comprising a radio transceiver (21, 22), a power source 

10 (10) with a battery backup unit, means (21, 25) for 

measuring the signal level and signal quality on the 
radio path between a base station and the subscriber 
terminal, and means (3) for measuring the charge level 
of the battery backup unit of the power source, 

15 characterized in that the subscriber 

terminal (SE) transmits the test results concerning the 
battery backup unit and/or the state of the power supply 
to the fixed network in a predetermined report message 
at predetermined intervals or in response to a 

20 predetermined test result, and that said at least one 

subscriber database (VLR, HLR) of the radio network 
maintains information about the charge levels of the 
batteries and/or the state of the power supply of the 
subscriber terminals, and about the signal level and 

25 signal quality measured by the subscriber terminal. 

2. A radio system according to claim 1, 
characterized in that the subscriber 
terminal comprises a timer device (35) which initiates 
transmission of test results to the fixed network at 

30 predetermined intervals. 

3. A radio system according to claim 1 or 2, 
characterized in that the fixed network 
comprises a timer device (VLR), which measures the 
interval between successive transmissions of report 

35 messages from the subscriber terminal. 
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4. A radio system according to claim 2 or 3, 
characterized in that the timer device is 
a periodic location updating timer, and that the report 
message is transmitted during the location updating 

5 procedure. 

5. A radio system according to claim 1, 2, 3, 
or 4, characterized in that the 
subscriber terminal comprises means (35) for assessing 
the test results and for transmitting the test result 

10 to the fixed network immediately after the next 

signalling connection has been established, if the test 
result shows an essential change in the charge level of 
the battery power source, a break in its charging 
current and/or a failure in the power supply, or a 

15 change in the condition of the radio path. 

6. A radio system according to any one of the 
preceding claims, characterized in that 
the report message contains the lowest signal level 
measured during the test period, the lowest signal 

20 quality measured during the test period and the current 

charge level of the battery power source. 

7. A subscriber terminal for a radio system 
providing a wireless local loop, the system comprising 
a fixed network including at least one exchange (MSC), 

25 at least one subscriber database (VLR, HLR) and base 

stations (BTS), said subscriber terminal communicating 
via a radio path with the fixed network and comprising 
a radio transceiver (21-; 22), a battery power source 
(10), means (21, 25) for measuring the signal level and 

30 signal quality on the radio path between a base station 

and the subscriber terminal , and means ( 3 ) for measuring 
the charge level of the power source with the battery 
backup unit, characterized in that the 
subscriber terminal transmits the test results 

35 concerning the battery backup unit and/or the power 
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supply to the fixed network In a predetermined report 
message at predetermined intervals, or in response to 
a predetermined test result. 

8. A subscriber terminal according to claim 7, 
characterized in that the subscriber 
terminal comprises a timer device (35), which initiates 
transmission of test results to the fixed network at 
predetermined intervals . 

9. A subscriber terminal according to claim 8, 
characterized in that the timer device is. 
a periodic location updating timer, and that the report 
message is transmitted during the location updating 
procedure. 

10. A subscriber terminal according claim 7, 
8 or 9, characterized in that the 
subscriber terminal comprises means (35) for assessing 
the test results and for transmitting the test result 
to the fixed network immediately if the test result 
shows an essential change in the charge level of the 
battery power source or in the condition of the radio 
path. 

11. A subscriber terminal according to any one 
of the claims 7, 8, 9 or 10, characterized 
in that the report message contains the lowest signal 
level measured during the test period, the lowest signal 
quality measured during the test period, and the current 
charge level of the battery power source. 



WO 95/09512 



PCI7FI94/D0436 




WO 95/09512 



PCIYFI94/00436 



2/2 



26 



SPEECH 
CODER 



10 



3 

<> 






PS 







25 



CHANNEL 
DECODER 



24 
_2_ 



DE- 
INTER- H 
LEAVING 



23 



22 



21 



DETECTOR 





1 




A/D 




Rx 




Q 



TIMING AND CONTROL UNIT 



If 



Q SPEECH 

CODER 



35 



27/ 1 SYNT. 



CHANNEL 
CODER 



INTER- 
LEAVING 



TDMA 
BURST 
FORMATION 





1 




MOD 




Tx 




Q 





ANT3 



28 



34 




33 




> 

32 




31 










FIG. 2 








Bit 


8 


7 


6 


5 


4 


3 


2 


1 


A 


0 


0 


0 


0 


0 


.1 


0 


1 


B 


0 


X 


1 


1 


0 


0 


1 


0 


C 


Length 


D 


0 


0 


C1 low 


E 


0 


0 


DSC low 


F 


Length 


G 


Alarm status 


H 


Charge level 



30 



29 



FIG. 3 



1 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/FI 94/00436 


A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04Q 7/34, H04Q7/32 

According to Internationa] Patent Classification (IPC) or to both nillonal classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04Q 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation or document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP, A2, 0544635 (TELEVERKET) , 2 June 1993 
(02.06.93), column 3, line 18 - line 36 



EP, A2, 0542509 (BIANCO, JAMES SALVATORE), 19 May 
1993 (19.05.93), column 5, line 5 - line 26 



US, A, 5142563 (CHIKASHI NYUU ET AL), 
25 August 1992 (25.08.92), column 3, 
line 61 - column 4, line 8 



1-3,5,7,8 



1.7 



1,5,7,10 



□ 



Further documents are listed m the continuation of Box C 



See patent family annex. 



* Special categories of cited documents; 

"A" rinrnmrm defining the general state of the art which is not considered 

to be of particular relevance 
"O* erlier don i rnrm but published on or after the international filing date 

*L" document which may throw doubts on priority ctaim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'O* rinrnrnfnt referring to an oral disclosure, use, exhibition or other 



*P* rt^Mflfl jti^tft pubHsfafd prior to the m^ wmir >wai f^iffi^ dflir but later lhan 
the priority dale claimed 



T* later rtonimmr published after the fmrrnirtonat filing date or priority 
date and not in conflict with the application but dted to in w in tin »1 
the principle or theory underlying the tnventioo 

"X' dftfnm»t\t of parties lar mevtmr** th e cSri nnd invention catT^c A 
considered novel or cannot be considered to involve an inventive 
vhen ^he* docuEoent is utSjeu y^^ft e 

*Y' document of particular relevance the claimed invention cannot be 
considered to involve an inventive step when the document is 
cocofaiocd v^ith ooc or inoffo other ffTch docotxDCQ&t such ooprtytTHTr?^ 
being obvious to a person skilled in the art 



l^fe* docoflocDt tBCflsbCa* of the sttosc pKtco^ fkflsily 



Date of the actual completion of the international search 

6 FebrparY 1995 


Date of mailing of the international search report 

07 -02- 1995 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized officer 

Bengt Jonsson 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 

31/12/94 


International application No. 
PCT/FI 94/00436 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP-A2- 0544635 


02/06/93 


GB-A- 2262014 


02/06/93 



JP-A- 6217012 05/08/94 
SE-B.C- 469460 05/07/93 
SE-A- 9103501 28/05/93 



EP-A2- 


0542509 


19/05/93 


US-A- 


5291411 


01/03/94 


US-A- 


5142563 


25/08/92 


JP-A- 


3154550 


02/07/91 



Form PCT/1SA/210 (patent family annex) (July 1992) 



